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Description 

Field of the invention 

[0001] The present invention relates to a highly spatially resolved method for the e I ectrop oration and parallel delivery 
of one or several different compounds into cell structures, such as cells, cell-like structures, or a population of cells. 
Preferably, at least two electrolyte-filled capillaries (EFCs), a linear array of EFCs, or a two-dimensional matrix array of 
EFCs coupled to a voltage generator are used as a combined electroporation and delivery tool of, for example, multiple 
dyes, drugs, DNA, RNA, antisense oligonucleotides and biomolecules into the cytoplasm of single cells or populations 
of cells in a sequential or parallel manner or combinations thereof. The invention also relates to the use of these methods. 
In particular, it relates to methods for rapid screening of drugs that affect intracellular chemistry, and for the identification 
and detection of intracellular proteins. 

Background of the invention 

[0002] Fast and reliable methods for investigating drug actions on intracellular chemistry are in high demand today. 
Such protocols could include screening for ligands and substrates that interact with organelle-bound receptors and 
cytosolic enzymes, respectively. Also methods that allow for characterization and detection of all proteins inside cells 
would be extremely valuable, not the least in the area of proteomics. Highly specific enzymes substrates and protein 
probes are available that makes it possible to detect particular components in cells. (Tsien RY, Annu. Rev. Biochem. 
1998, 67, 509-44). For example, there are a variety of substrates available that can be employed as light switches in 
the substrate-product conversion step. Also, specific protein-protein interactions can be identified by the use of a fluo- 
rescence indicator coupled to protein splicing (Ozawa T, Nogami S, Sato M, Ohya Y, Umezawa Y, Anal. Chem. 2000, 
72, 5151-57). Although these probes and indicators are available, the main challenge so far in applying these probes 
and indicators is to introduce them into the cellular interior. Many of these probes and indicators as well as many other 
compounds for biological and medical use including drugs and biomolecules that are of interest to include in cells are 
polar. Polar solutes are cell-impermeant and unable to pass biological membranes. 

[0003] Furthermore, methods that allow for the detection of DNA-protein, protein-protein and many more interactions 
inside cells would be a valuable tool in many areas. Likewise, the ability to introduce viruses, bacteria, antibodies, and 
colloidal particles to cells is judged to be of importance in many areas of the biosciences. It is, however, difficultto transfer 
all these compounds and particles to the cytosol of a cell owing to the presence of a cell plasma membrane barrier, 
which acts as a physical boundary to the external solution that prevents the entrance of exogenous compounds and 
particles. It has for a long time been recognized that cell membranes can be permeabilized by pulsed electric fields (see 
e.g. Zimmermann, U. Biochim. Biophys Acta, 694, 227-277 (1 982). This technique is called electroporation. It is known 
from work on electrochemical detection in capillary electrophoresis (CE) that the voltage applied over an electrolyte filled 
capillary (EFC) will create an electric field at the capillary outlet (Lu, W.; Cassidy, M. Anal. Chem. 1994, 66, 200-204). 
This electric field at the tip of an EFC working against ground potential can be used for electroporation. The same EFC 
that performs the electroporation also delivers the agents of interest to the cell. It can be shown that the magnitude of 
the electric field along the axis of symmetry of the EFC lumen, extending out into solution is given by: 



Where Z is the dimensionless distance from the tip of the EFC, zla, where z is distance from the EFC tip and a is the 
EFC lumen radius. ¥ is the applied potential in volts and L c is the length of the EFC. This equation can be integrated to 
find the potential drop along the cylindrical axis outside the capillary. 
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The transmembrane voltage can thus be approximated from this field by using equation (2) as described above. 
[0004] The inventors have previously demonstrated the concept of electroporation using a singular EFC containing a 
homogeneous electrolyte solution (K. Nolkrantz, R. I. D. Karlsson, C. Farre, A. Brederlau, C. Brennan, P. S. Eriksson, 
S. G. Weber, M. Sandberg, O. Orwar Anal. Chem., (2001) 73, 4469-4477; WO 9924110). 

5 

Summary of the invention 

[0005] What is disclosed here are substantial improvements in the technology that allows for rapid parallel delivery, 
which can be performed together with sequential delivery in a combinatorial way, of one or more agents, such as 
10 internalizing agents, to and into one or more cell structures using two, or preferably a plurality of, EFCs. The present 
invention also relates to several applications of the technology. 

[0006] The present invention relates to a highly spatially resolved technique enabling rapid screening of drugs that 
affect intracellular chemistry, and for the identification and detection of intracellular proteins, and is based on the per- 
meabilization of phospholipid bilayer membranes by electric fields, i.e. so called electroporation. 

15 [0007] Rapid intracellular delivery of multiple cell-impermeable agents is achieved based on the use of at least two 
EFCs supplemented with cell-loading agents. A voltage or current, such as a voltage or current pulse, applied across 
an EFC gives rise to a electric field outside the terminus of the EFC thus causing pore formation in cellular membranes. 
In addition, this voltage or current may, for example, induce an electroosmotic flow of electrolyte contained in the EFC. 
As the EFC is supplemented with cell-loading agents, the electroosmotic flow delivers these agents at the site of pore 

20 formation. The combination of pore formation and delivery of agents supplemented to the EFC electrolyte enables loading 
of materials into, for example, the cytoplasm or organelles. Disclosed here is a method for parallel delivery, which may 
be performed together with parallel delivery in a combinatorial way, of one or multiple loading agents into a cell structure, 
such as to the cytosol of a cell or a population of cells or a similar structure based on the EFC electroporation protocol. 
[0008] The method according to the present invention can be used as a screening technique for intracellular drug 

25 actions and as a technique for the identification of intracellular proteins inside cells. Example of such proteins can be 
enzymes, receptors, or structural proteins. In these instances, the electroporation technique is used for the introduction 
of one or several protein probes (e.g. fluorogenic ligands or substrates) into single cells or populations of cells. These 
markers can be introduced in combination with drugs, substrates or ligands that interact directly with the target protein 
orproteins in the same signaling pathways. Thus both the presence of various proteins and theirfunction can be obtained 

30 on the single cell level. Tools with such capabilities might be suited both for proteomics, and phenotype profiling, as well 
as for characterizing the action of drugs on intracellular signaling systems or metabolic pathways. In addition, the method 
according to the invention can be used to identify receptor ligands and enzymes substrates in biosensor- chemical 
separation formats. To use the invention for profiling, screening and probing of e.g. intracellular proteins or drug actions 
inside living cells it is required that events related to these interactions can be detected. This can be achieved by, for 

35 example, the use of selective fluorescent protein markers in combination with fluorescence microscopy. As an example, 
to verify the presence of a certain enzyme inside a cell a polar cell-membrane-impermeant substrate that is non-fluo- 
rescent but after enzymatic conversion it is converted into a fluorescent product. Then an increase in fluorescence would 
reflect the presence of the enzyme in the cell as well as the enzymatic activity. The protein marker (fluorogenic substrate) 
is introduced into the cytosol of a living cell using the disclosed electroporation technique. The marker can also be 

40 introduced together with a drug or an inhibitor. 

[0009] Thus, the present invention relates to a method for alteration of a biochemical content of cell structure. More 
precisely, the present invention relates to a method for parallel delivery of agents to a surface of a cell structure and into 
the cytoplasm of the cell structure, comprising the following steps: 

45 (a) at least two electrolyte-filled tubes are provided together with a ground or counter electrode, 

(b) the electrolyte -filled tubes are connected to a voltage or current generator, 

(c) at least one agent is introduced into the electrolyte solution contained in each electrolyte-filled tube, 

(d) the electrolyte-filled tubes are placed at close distance to the surface of a cell structure, 

(e) the agent(s) is/are transported through the electrolyte -filled tubes to the surface of the cell structure, 

50 (f) an electric field of a strength sufficient to obtain electroporation of the surface of the cell structure is focused on 

the cell structure, resulting in formation of pores in the membrane surface of the cell structure, and 
(g) the agent(s) is/are transported through the pores formed in step (f) and into the cytoplasm of the cell structure, 

wherein steps (a-g) are performed in consecutive order, with the exception that the order of steps (b), (c) and (d) may 
55 be altered, and that the order of steps (e) and (f) may be altered. 

[0010] According to step (a) above, a ground or counter electrode is used. It is possible to use only one such ground 
or counter electrode, or more than one ground or counter electrodes such as one ground or counter electrode for each 
electrolyte-filled tube. 
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[0011] According to step (b) above, a voltage or current generator is used. It is possible to use only one such a voltage 
or current generator, or more than one a voltage or current generator. 

[001 2] The expression "at close distance", used in step (d) above, means that the outlet end of the capillary is placed 
in contact with or very near the cell structure. Preferably, said close distance is less than 500 ^m. 

5 [001 3] The expression "an electric field of a strength sufficient to obtain e I ectrop oration is focused on the cell structure", 
used in step (f) above, means that an electric field is focused on or over the cell structure or the part of the cell structure 
thatisto beelectroporated, and thatthis electrical field is essentially exactly what is neededforelectroporation. Preferably, 
the voltage generator generates a voltage that is from 1 0 mV to 1 00 V at the surface of the cell structure to be electro- 
po rated, and more preferably it is from 100 mV to 2 V at said surface. The voltage pulse is preferably from 0.1 jxs to 

10 several minutes. By several is here intended e.g. 1 -10 minutes. More preferably the voltage pulse is from 1 jxs to 5 s, 
and most preferably it is less than 1 00 ms. 

[0014] In step (g) agent is transported into the cell structure. Either is all the amount of the agent delivered from the 
electrolyte-filled tube to the surface of the cell structure transported further into the cell structure, or is only a part of this 
amount is transported further into the cell structure with the other part remaining outside the cell surface. 
is [0015] The cell structure can be any kind of cell or cell-like structure, such as a cell in a primary cell culture, a cell in 
a tissue slice or a tissue, an in vivo cell, a liposome, or an intracellular cell structure, such as an organelle, as discussed 
further below. 

[001 6] The electrolyte-filled tubes may be electrolyte-filled capillaries (EFCs), electrolyte-filled conically tapered tubes, 
and/or electrolyte-filled electrodes. These expressions are used interchangeably throughout this specification. 
20 [0017] By using parallel delivery, it is possible to deliver agents either through pores formed in one cell structure or 
through pores formed in two or more different cell structures. 

[0018] Furthermore, it is possible to place more than one agent in each electrolyte-filled tube. This makes it possible 
to combine the parallel delivery of agent into the cell structure with sequential delivery of agent into the cell structure in 
a combinatorial manner. 

25 [0019] The method according to the invention may be used for transferring multiple solutes, agents, and particles into 
a permeabilized cell structure. 

Brief description of the drawings 

30 [0020] In the description and the examples below reference is made to the accompanying drawings, on which: 

Figure 1 shows an appropriate apparatus for electroporation of cells and cellular structures using the method ac- 
cording to the present invention. One embodiment is illustrated in figure 1 a, comprising one EFC 1 , connected to a 
voltage generator 2 via a first electrode 3 and a vial 4, containing an electrolyte solution of same composition as 

35 inside said EFC. This electrolyte solution is supplemented with an agent 5, to be introduced to the cellular structure. 

The cell structure 6 is held in physiological buffer in e.g. a petri dish 7 preferably equipped with a ground bath-type 
counter electrode 8. In the preferred embodiment shown here, the petri dish is situated on an inverted microscope 
stage 9, and viewed through a microscope objective 10 in order to facilitate positioning of the EFC tips in relation 
to the cell structure. The EFC is, by means of a three-dimensional micropositioner 11, positioned close to the cell 

40 structure. This is performed in such a way that the electric field produced between the electrodes is highly focused 

over the structure to be el ectrop orated. Figure 1 b and Figure 1 c illustrate how the embodiment of Figure 1 a can be 
used for loading a cell structure 6 with a cell-impermeable agent 5. In fig. 1b, the EFC 1 containing the cell-imper- 
meable agent 5, is positioned by the use of a micropositioner 1 1 close to the surface of the target cell structure 6. 
In fig. 1c, a voltage pulse delivered by the voltage generator 2 is applied over the EFC. An electric field is thus 

45 established overthe cellular structure, causing pore formation due to dielectric breakdown of the cellular membrane. 

The applied potential also causes electro osmotic or electrophoretic delivery of the solution contained in the EFC. 
Consequently, the cell-impermeable agent 5 contained in the EFC is delivered at the site of pore formation where 
the loading agent freely can enter the interior of the cellular target through the generated pores 1 9. When the electrical 
field is removed, the formed pores are closed and the cellular membrane heals. 

50 Figure 2 shows electrolyte-filled capillaries with different tip geometries. As illustrated in fig. 2a, the EFC 1 may have 

a perfect cylindrical geometry. It is sometimes advantageous to use capillaries 1 with tapered tip-ends as shown in 
Figure 2b and Figure 2c. This is the case, in particular, for single-cell electroporation. In fig. 2b, a tapered EFC 1 
made by pulling a glass or fused silica capillary in a mechanical puller with a heating filament is illustrated. The tip 
of such a capillary can be made very small, down to a few nanometers, and the outer diameter as well as the channel 

55 diameter is reduced. Tapered capillary can also be prepared created by etching in hydrofluoric acid, or by grinding. 

The benefit of this approach is that only the outer diameter of the capillary is reduced whereas the inner diameter 
remains unaffected. This type of capillary is illustrated in fig. 2c. Capillaries can also be made having conductive 
tips as illustrated in Figure 2d and Figure 2e. The advantage of these hollow capillaries with conductive tips is that 
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shorter pulse times can be applied with high precision because of low RC time constants. The capillary in Fig. 2d 
has the electrode 3 on the inside, and the capillary shown in Fig. 2e has the electrode 3 on the outside. 
Figure 3 illustrates delivery of cell-loading agents using multiple EFCs 1 arranged in arrays. Such arrangements of 
capillaries 1 can be linear arrays 12 as shown in figure 3a, or two dimensional arrays 14 as shown in figure 3b. 

5 These arrays of capillaries can be held together by a holder 1 3. For electropo ration of cell-loading agent delivery to 

a single cell in rapid sequence, an array of EFCs is swiftly moved over a cellular target, as illustrated in fig 3c-e. 
Figure 4 shows a special type of EFC array, namely an EFC of multiple barrel-type 1 5 wherein the EFC comprises 
several barrels 5 or channels 5, each equipped with an individually addressable electrode 3 and filled with a single, 
or several, cell-loading agents 5 as illustrated in figure 3a (side view is illustrated at left side and front view at the 

10 right side). By sequential voltage application in individual barrels it is possible to sequentially deliver controlled 

amounts of loading agents using this arrangement. 

Figure 5 illustrates cell-loading agent delivery accomplished by using microfluidic switches for sequential loading of 
an EFC to obtain discrete zones of cell-loading agents in said EFC. This concept is illustrated in fig. 5a, where one 
EFC 1 is connected via a microfluidic switch 16 and feeder EFCs 17 to six different vials 4 containing different 

is loading agents. The vials are equipped with individually addressable electrodes 3. By sequential application of a 

voltage pulse to each vial 4, cell-loading agents are pumped via the feeder EFCs into the microfluidic switch where 
they enter the main EFC 1 in a sequential manner. Discrete bands of cell-loading agents are thus formed in the 
main EFC that can be introduced for the electroporation target 6. This loading procedure is illustrated in fig. 5b-d. 
Figure 6 illustrates one example of parallel electroporation of cells grown in patterns on a surface or cells contained 

20 in multiple wells in a multi-well plate. Cells grown in patterns on a surface or cells contained in multiple wells in a 

multi-well plate are ideally suited for the two dimensional (2-D) EFC array format here illustrated. In each case a 
single capillary outlet targets a specific cell 6 or a population of cells 6 on a surface or, as illustrated here, in a well 
structure 18. 

Figure 7 shows one embodiment for parallel delivery of cell-loading agents with the present invention. Each EFC 1 
25 in an array is here connected to a microfluidic switch 16 enabling loading of multiple cell-loading agents into the 

EFC in sequence to obtain discrete zones of said cell-loading agents in said EFC. Because several different cell- 
loading agents contained in separate vials can be selected, each EFC in the array can be loaded with any given 
sequence/combination of cell-loading agents. In figure 7a, several individual cells, located in separate wells in a 
multi-well structure 18, are subjected to simultaneous (parallel) electroporation after sequential delivery of cell- 
so loading agents. This setup also allows combinatorial delivery of cell-loading agents as illustrated in figure 7b where 
each EFC in the array is loaded with different sequences of cell-loading agents. 

Figure 8 is a plot of fluorescence versus time from identification of intracellular rhyanodine type II receptors in fluo- 
3-stained NG1 08-1 5 cells. 

Figure 9 shows the results of detection of intracellular proteases using casein-BODIPY-FL. 
35 Figure 10 shows the results of identification of alkaline phosphatase in NG108-15 cells. 

Detailed description of the invention 

[0021] As stated above the present invention relates to a highly spatially resolved method for electroporation and 
40 parallel delivery, possibly combined with sequential delivery, of single or multiple cell-loading agents to at least one cell 
structure, such as a cell or cellular structure, in order to transfer said cell-loading agents into said cell structure. More 
specifically, the disclosed method uses at least two electrolyte-filled capillaries (EFCs) coupled to a voltage or current 
generator for electroporation of the cell structure wherein the EFCs are placed adjacentto the cell structure and a voltage 
or current, such as at least one voltage pulse, is applied across the EFCs generating a small electric field outside the 
45 terminus of each EFC, which causes pore formation in the membrane of the adjacent cell structure. Single or multiple 
cell-loading agents contained in the EFCs is/are delivered in a parallel manner at the sites of pore formation, for example 
by a mode of pumping, allowing the cell-loading agent(s) to translocate the membrane and enter the interior of the cell 
structure through the pores. In one embodiment, the agents to be loaded into the cells can be selected from a number 
of containers containing said agents in a combinatorial fashion. The combination of pore formation and delivery of agents 
50 supplemented to the electrolyte-solution of the EFCs, enables loading of materials into , for example, the cytoplasm of 
the cell structure. This is further shown in Figure 1 . 

[0022] It is stated above that the invention may be used for delivery of membrane-impermeant cell-loading agents to 
and/or into a cell structure. The cell structure may be either one or several cells or one or several cellular structures. If 
it is one or several cells, these may be any kind of eukaryotic orprokaryotic cell in confluent culture, tissue slice or tissue. 
55 The cell structure may be pretreated before electroporation. It may, for example, be loaded with a dye such as fluo-3- 
AM ester for detection of binding events that results in increased concentrations of calcium ion in the cytosol or it may 
be transfected with a reporter gene or other genetically addressable molecular systems. The cell structures may also 
be treated by other chemical or physical means, for example in a recording chamber. For example, drugs of interest 
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may be added to the cell bathing solution before during or after the electropo ration event. Delivery of such agents can 
be made through an additional capillary or pipette in connection with the recording chamber either in bulk fashion (to all 
cells or cell structures or a majority of cells or cell structures) or locally (to a single cell or a single cell structure). It is 
also possible to use a population of cells, preferably a population of cells or a small population of cells, such as 2 to 
5 1 0,000,000 cells or 2 to 1 0,000 cells, in a confluent culture, a tissue slice, a tissue, or an organ, or cells patterned on a 
surface. Said cellular structure may be an intracellular structure, an organelle (isolated or intracellular), a membranous 
vesicle, a bacterium or a nanobacterium. It is also possible to use the method according to the present invention on cell 
structures formed of synthetic membrane structures such as liposomes or emulsion droplets. 

[0023] With the method according to the invention, it is possible to introduce essentially any kind of substance, agent 
10 or cell-loading agent into the electroporated cell structure. With a cell-loading agent is meant an agent that most often 
is polar and is unable to pass biological membranes spontaneously. Examples of such substances or cell-loading agents 
include, but are not limited to, the following agents: genes, gene analogs, RNA, RNA analogs, DNA, DNA analogs, 
colloidal particles, receptors, receptor ligands, receptor antagonists, receptor agonists, receptor blockers, enzymes, 
enzyme substrates, enzyme inhibitors, enzyme modulators, including allosteric enzyme modulators, proteins, protein 
is analogs, amino acids, amino acid analogs, peptides, peptide analogs, metabolites, metabolite analogs, oligonucleotides, 
oligonucleotide analogs, antigens, antigen analogs, haptens, hapten analogs, antibodies, antibody analogs, organelles, 
organelle analogs, cell nuclei, bacteria, viruses, gametes, inorganic ions, organic ions, metal ions, metal clusters, agents 
that affects cellular chemistry, agents that affects cellular physics, polymers as well as any combination of two or more 
of these agents. 

20 [0024] The electrolyte filled capillaries (EFCs) used are preferably made of an electrically insulating material in order 
to confine the established electrical field and can be made of glass, fused silica, plastic or polymer, such as Teflon, or 
any other suitable material. It is also possible to use capillaries with conductive tips. The geometry of the capillaries may 
be a perfect cylinder with flat ends as shown in Figure 2a. It is sometimes advantageous to use a tapered capillary as 
shown in Figure 2b, in particular, for single-cell and organelle-electroporation. Such tapered capillaries can be made by 

25 pulling a glass or fused silica capillary in a mechanical puller with a heating filament (A. Lundqvist, J. Pihl, O. Orwar. A 
Anal. Chem. (2000) 72 5740-5743). Tapered tips can additionally be created by etching in hydrofluoric acid, or by 
grinding. The benefit of grinding is that only the outer diameter of the capillary is reduced whereas the inner diameter 
remains unaffected, therefore there is no additional pressure build-up in the tip region in this type of capillary. This type 
of capillary is illustrated in figure 2c. 

30 [0025] The length of the capillaries may be from 0.01 mm up to several meters depending on application. Because 
the voltage drops continuously over the capillary, voltage sources should be chosen accordingly to ascertain that large 
enough voltages may be applied to cause pore -formation in the targeted cell or cellular structure. The outer diameter 
and channel dimension of the capillary depends on application. In general terms, the diameter of the end of the EFC 
closest to the cell structure is from a few nanometers to several thousand micrometers, such as from 50 nm to 5,000 

35 jxm. For single cell and organelle electropo ration it is often suitable to use capillaries with an outer diameter of 0.03-50 
jxm and a channel diameter of 0.025-49 jim whereas for electropo rati on of small populations of cells capillaries larger 
than 50 fxm are preferably used. 

[0026] When using electrically insulating capillaries, the electrical current needed for electroporation of a cell structure 
is carried by the electrolytes contained in the solution in the inner channels of the capillaries. The electrodes, preferably 

40 Pt-electrodes, that feeds current supplied by a voltage generator into the capillary system, can be connected directly to 
the back-end of the electrolyte-filled capillary or via a vial containing the same electrolyte solution as inside the EFC. 
Because the vial containing the electrode and the capillary inlet is, typically, several centimeters away from the capillary 
outlet there will be no problems with electro-generated species that potentially can harm the cells. Sometimes it is 
preferable that the vial also contains the agents to be internalized into the cell structure. It is also possible to place the 

45 electrode inside the electrolyte-filled capillary. This is preferable when using capillaries of very short length. Depending 
on the composition of the bufferthe conditions are changed at the electrodes. Electrochemical reactions at the electrodes, 
e.g. reduction of water and oxidation of chloride, cause some loss in voltage and the effective voltage should be calculated 
for every given set of electrode materials and buffer systems. 

[0027] Capillaries can also be made with layers of conductive materials at their tip as shown in Figure 2d-e. The 
50 advantage of such hollow capillaries with conductive tips is that shorter pulse-times can be applied with high precision 
because of low RC time constants. 

[0028] It is stated above that the fluid containing the cell-loading agents is delivered to the cell structure by some mode 
of pumping. This mode of pumping may, for example, be electroosmosis, electrophoresis, pressure based pumping or 
gravitational flow or combinations thereof. Preferably electrophoretic or electroosmotic transport of fluid is used for 
55 reagent delivery. It is important to note that these modes of pumping require that the inner surface area of the capillary 
be electrically charged. When electroosmosis or electrophoresis is not used for pumping, any appropriate apparatus for 
creating the flow such as a peristaltic pump, a microinjector/micropump or other devices for driving fluids needs to be 
connected to the inlet of the EFC either before, during, or after electroporation. It may sometimes be advantageous to 
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deliver agents to cells using a pumping method and apply electric pulses for electroporation periodically. For example, 
a volume of electrolyte contained in an EFC is pumped using a peristaltic pump to the cell surface and the electroporation 
voltage is turned on whereafter the electroporation voltage is turned off, and a new volume of electrolyte is pumped to 
the cell surface through the same EFC and the electroporation voltage is again turned on whereafter the electroporation 

5 voltage is turned off and so on. This type of delivery with periodic electroporation may, in particular, be advantageous 
when segmented bands (discrete zones) of different cell-loading agents are present in the EFC. Such bands may be 
obtained using the microfluidic switching method described below. In addition to the example above many different 
schemes can be envisioned in which the voltage generator is programmed or manually controlled to provide for optimal 
loading conditions for different types of cell-loading agents and cells. Thus, both pulse duration, waveform, pulse am- 

10 plitude, and other pertinent parameters may be changed during the course of cell-loading using an EFC. Thus, it is 
preferable that according to the present invention, a programmable voltage generator is used. 

[0029] One or several EFCs for electroporation can be used together with a single counter, or second, electrode of 
different size and material. The electrodes can be placed adjacent to a cell for electroporation of the cell membrane. 
Preferably, a counter electrode that keeps the cell-bathing solution at ground potential is used. 

15 [0030] The EFC is, as the term implies, filled with an electrolyte-containing solution. Preferably physiological buffers 
are used. The cell-loading agents to be introduced into the cytosol of the cellular target is preferably supplemented to 
this electrolyte containing solution. In addition, the EFC may be supplemented with drugs, or agents, interacting with 
targets located in the cell plasma membrane . Such targets includes plasma-membrane-bound receptors and enzymes. 
Injection, orfilling, of an EFC can be achieved in several different ways using standard techniques forfillingCE capillaries. 

20 For example, the electrolyte solution is injected into the capillary hydrodynamically, using gravity flow or by using some 
mode of pressure based pumping. 

[0031] It is sometimes preferable to load the capillaries from the tip end using capillary forces or aspiration/suction. 
This procedure can be used to load a plurality of EFCs simultaneously. The tips of the EFCs are positioned in individual 
vials containing cell-loading agents and a small sample is introduced into the EFCs using any of the above mentioned 
25 methods. 

[0032] The voltage pulse for creating pores in cell membranes delivered by a voltage generator, may have a waveform 
that can be square, exponential, or of any other form. It is also possible to use both DC currents and AC currents. 
Because the voltage drops continuously over the capillary, voltage sources should be chosen accordingly to ascertain 
that large enough voltages may be applied to cause pore -formation in the targeted cell or cellular structure. The electrical 

30 fields needed to cause electroporation vary largely depending on the type and the size of the treated cell structure. As 
stated above, it is also possible to vary the potential and waveform over the EFC during the time course of agent delivery 
to a cell structure, i.e. delivery and electroporation is not performed at a constant electric potential or electric field strength. 
Such voltage programming is preferably used when several compounds are introduced to a cell structure in a sequential 
manner. The duration of the voltage pulse may vary from a few microseconds to several minutes, depending on the type 

35 and the size of the treated cell structure as well as depending on the nature of the cell-loading agent. 

[0033] During application of the voltage or current pulse, the cell structure is permeabilized through pore formation, 
allowing polar solutes that otherwise cannot pass through the biological bilayer membranes, to enter the interior of the 
cell structure through diffusion or hydrodynamic flow. The spatial resolution of the method according to the invention is 
dictated by the tip-size of the EFC, which can be made to be only a few nanometers in diameter, the applied voltage 

40 and the gap distance between the EFC and the electroporation target. This gap distance depends mainly on what type 
of cellular structure is to be e I ectrop orated and may thus vary between a few nanometers to a few hundred micrometers. 
[0034] Positioning of the EFC is preferably achieved by the action of manually controlled micropositioners such as 
hydraulically or piezoelectrically controlled micromanipulators. In addition to using manually controlled micropositioners 
it is feasible to use automatically controlled or robotically controlled micropositioners. Rather than moving the capillary 

45 while keeping the cell fixed, it is also possible to use motorized translation stages mounted on microscopes or other 
similar devices for moving the cell while keeping the capillary fixed. 

[0035] When using the method according to the invention for intracellular screening applications, preferably a large 
number of different cell-loading agents are introduced to the cytosol of one or several cells, or cellular structures, in a 
controlled fashion. Screening is preferably achieved using parallel delivery, possibly combined with sequential delivery, 

50 of loading agents to the cellular target and may, for example, be accomplished as described below. 

[0036] Parallel delivery of multiple cell-loading agents may be achieved using EFC arrays. Arrays of EFCs may be 
fabricated using microfabrication techniques, thus comprising one solid structure, or be composed of several conventional 
EFCs held together by some type of holder or scaffold. These arrangements of capillaries can be one-dimensional arrays 
(linear), or two-dimensional arrays. Preferably arrays of 10-100,000 EFCs are used. 

55 [0037] Parallel electroporation and delivery enables simultaneous screening of several physically separated single- 
cells, or populations of physically separated cells, in a parallel fashion. 

[0038] According to one embodiment the cell structure consists of cells grown in patterns on a surface or cells contained 
in multiple wells in a multi-well plate, as illustrated in figure 6. The plate may, for example, be a standardized industrial 
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plate having, for example 96 wells. In parallel cytosolic delivery of cell-loading agent each single capillary outlet in an 
array of capillaries targets a specific cell or a population of cells on a surface or in a well structure. Thus, individual cells 
or populations of cells can be individually targeted with the same, or different, compounds that are internalized into the 
cytoplasm simultaneously. 

[0039] A preferred embodiment for parallel screening with the present invention is illustrated in figure 7. 
[0040] The parallel delivery of cell-loading agents can be performed together with sequential delivery of cell-loading 
agents in a combinatorial fashion. Such combinatorial delivery may be achieved by selection of cell-loading agents to 
each EFC from a plurality of containers containing said cell-loading agents as shown in figure 3b. It may also be achieved 
by activating different EFCs in an array of EFCs where each EFC contains different cell-loading agents. It may also be 
achieved by loading of agents in specific order into a single EFC using a microfluidic switching devices as shown in figure 7. 
[0041] There are several embodiments of sequential delivery suitable for use together with the parallel delivery ac- 
cording to the invention. Below are some examples of suitable embodiments given. 

[0042] According to one embodiment, sequential delivery of multiple cell-loading agents is achieved using EFC arrays. 
Arrays of EFCs may be fabricated using microf abdication techniques, thus comprising one solid structure, or be composed 
of several conventional EFCs held together by some type of holder or scaffold. These arrangements of capillaries can 
be one-dimensional arrays (linear), or two-dimensional arrays. Preferably arrays of 10-100,000 EFCs are used. To 
achieve sequential delivery of loading agents in this embodiment of using EFC arrays, each EFC contains one type of 
loading agent or a unique mixture of several loading agents. Sequential delivery can be achieved by swiftly moving the 
array of EFCs over a cellular target in rapid sequence, each EFC is causing electroporation and subsequent delivery of 
one type of loading agent or unique mixture of several loading agents. Instead of moving the array of capillaries, it is 
also possible to move the cell structures in relation to spatially fixed capillaries. Fluidic pumping in these arrays can be 
generated by any of the pumping modes discussed above. Examples of one-and two-dimensional arrays that according 
to this embodiment may be used for sequential cell-loading agent delivery are illustrated in figure 3. A special type of 
array is the multiple barrel-type EFC illustrated in fig 4. This capillary is characterized by having several inner channels. 
To achieve cytosolic delivery of cell-loading agents or unique mixture of several loading agents, each barrel in the 
capillary is filled with a single type of loading-agent or unique mixture of several loading agents and equipped with an 
individually addressable electrode. By sequential activation of individual barrels, i.e. by consecutive application of voltage 
pulses in single channels, it is possible to sequentially deliver controlled amounts of loading agents to cells or cellular 
structures. This type of multi-barrel electrode can also be used for parallel delivery of agents to a cell structure by 
simultaneously applying voltage to more than one channel. Fluidic pumping in multiple barrel EFCs is preferably achieved 
by using electroosmotically or electrophoretically generated flow. The number of different agents that can be delivered 
with this approach is, however, limited by the number of barrels in the EFC. It is also possible to create arrays of multiple 
barrel-type EFCs as discussed above. 

[0043] According to another embodiment, sequential delivery of multiple cell-loading agents is achieved by connecting 
a conventional EFC to a microfluidic switch for sample stacking. In this configuration a plurality of loading agents can 
be sequentially introduced into the EFC and subsequently be delivered to a single or several cellular targets. The cell- 
loading agents can be introduced in discrete zones in the EFC by any of the pumping modes discussed above. Either 
the EFC is preloaded with cell-loading agents before electroporation experiments or the EFC is loaded on-the fly, that 
is during electroporation experiments. An example of this second embodiment is illustrated in figure 5. 
[0044] According to yet another embodiment, sequential delivery of multiple cell-loading agents is achieved by intro- 
ducing a separation step while pumping the fluid through the EFC. When using electrophoretic pumping for delivery of 
reagents, all species present in the electrolyte solution is separated based on their charge-to-frictional drag ratio and 
will be delivered in a sequential manner at the cellular target. Analogously, sequential reagent delivery can be achieved 
by incorporating any separation technique applicable to the EFC format, for example, it is feasible to utilize chromato- 
graphic separation techniques. 

[0045] Thus, the present invention may be used in rapid intracellular screening applications comprising any of the 
following modes: 

1 . Intracellular delivery of membrane-impermeant cell-loading agents to a single cell or population of cells of one 
cell type. 

2. Intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells or popu- 
lation of cells of the same cell-type. 

3. Intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells or popu- 
lation of cells of different cell-types. 

4. Sequential intracellular delivery of membrane-impermeant cell-loading agents to a single cell or population of 
cells of one cell type 

5. Sequential intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells 
or population of cells of the same cell-type. 
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6. Sequential intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells 
or population of cells of different cell-types 

7. Parallel intracellular delivery of membrane-impermeant cell-loading agents to a single cell or population of cells 
of one cell type. 

8. Parallel intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells 
or population of cells of the same cell-type. 

9. Parallel intracellular delivery of membrane-impermeant cell-loading agents to physically separated single cells 
or population of cells of different cell-types. 

10. A combination of parallel and sequential intracellular delivery of membrane-impermeant cell-loading agents to 
a single cell or population of cells of one cell type. 

1 1. A combination of parallel and sequential intracellular delivery of membrane-impermeant cell-loading agents to 
physically separated single cells or population of cells of the same cell-type. 

12. A combination of parallel and sequential intracellular delivery of membrane-impermeant cell-loading agents to 
physically separated single cells or population of cells of different cell-types. 

13. Any mode of intracellular delivery of cell-loading agents described above (1-12) that is used in a combinatorial 
fashion. 

[0046] The most important applications of the method according to the present invention, is for use in drug screening 
and protein identification. In particular, by applying a permeabilizing electric field over cells or cellular structures, specific 
probes (markers), substrates or ligands can be introduced into the cytoplasm to screen for intracellular chemistry such 
as cytosolic enzymes and receptors on organelles. More specifically, this would allow screening of intracellular drug 
action as well as assaying of intracellular proteins such as enzymes, receptors or structural proteins. Using the method 
according to the present invention, these markers can be introduced in combination with drugs or ligands that interact 
directly with the target protein or proteins in the same signaling pathways. Thus, according to the present invention it is 
possible to characterize, even on the single cell level, both the presence of various proteins and theirfunction. Blocking 
of particular pathways with specific ligands, antagonists, inhibitors or modulators might enable control of cellular proc- 
esses and provide leads for novel systems. Such compounds can be introduced to a cell either by co-electroporating 
them using an EFC with the ligand of interest. Alternatively, they may be internalized in a cell structure by other means, 
for example, cell-permeable agents may be employed. 

[0047] In general terms, the method according to the invention can be used in the following, non-limiting, areas of 
applications: proteomics, genomics, phenotype profiling, drug assays and screening, pharmacokinetics, in vitro fertili- 
zation, transgenics, nuclear transfer, organelle transfer, and diagnostics. Also, because the technology can be used to 
change properties of cells, i.e., cell-programming and that this programming can be performed in networks of cells the 
invention is also useful in design and application of biological and chemical computers as well as biosensors. Likewise 
the invention can be useful in robotics, in particular, to create cell circuits with specific properties such as cellular sensory 
networks and cellular control networks. 

[0048] The method according to the invention may also be combined with screening techniques for surface plasma 
membrane epitopes or receptors. Thus, for example, a receptor ligand acting on a cell plasma membrane receptor may 
be combined in the EFC electrolyte with one or several drugs acting on intracellular chemistry. The solution can then 
be delivered to the cell surface at low non-permeabilizing or zero electric fields, and after the ligand acting on a cell 
plasma membrane receptor has bound to the receptor, the internalizing agents are introduced into the cell with electro- 
poration. Such methods might in particular be suitable for characterization of signaling pathways. 
[0049] More specific, but still non-limiting, applications in which the method according to the invention can be used 
are gene transfection, gene identification, enzyme identification, protein identification, receptor identification, binding 
assays, enzyme assays, competitive enzyme assays, no n -competitive enzyme assays, enzyme assays with modulators, 
enzyme assays with isosteric inhibitors, receptor assays; receptor assays with antagonists, receptor assays with mod- 
ulators, viral assays, bacterial assays, drug assays, kinetic assays, modification of metabolic pathways, and modification 
of signaling pathways. 

[0050] Specifically, the method according to the invention is very suitable for identification of intracellular receptor and 
receptor ligands. 

[0051] Intracellular receptors and ion channels that cause release of signaling molecules such as Ca 2+ , cAMP, K + 
etc. can be identified and studied using ligand libraries that are electroporated into cells, preferably in combination with 
selective receptor antagonists. For example, Ca 2+ released from intracellular stores upon activation of an intracellular 
receptor can be detected using fluorogenic chelating agents such as mag-fura-2 and fluo-3. As an example we here 
show identification of ryanodine receptors of the endoplasmic reticulum (Figure 8). Furthermore, to identify the receptor, 
or to reveal receptor-ligand interactions, a selective receptor antagonist may be used and electroporated into the cell to 
selectively blockthe action of the ligand. In addition to fluorescence probes, radio ligands, blotting or electrophysiological 
methods, and fluorogenic substrates can be used. Fluorogenic markers are often cell-permeant esters that can be added 
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to the cell bath medium and need not be electroporated into cells. Thus using such esters, cells can be loaded with dyes 
before electroporation experiments. By having the ability to introduce both a receptor agonist in addition to a marker for 
the specific receptor activation it is possible to identify the most potent receptor agonist from a library of agonists. It is 
also possible to design experiments to obtain dose-response curves. For example, with the method according to the 

5 present invention it is possible to introduce both a receptor agonist and a receptor antagonist into the cell cytosol at 
different concentrations of the respective compound in addition to a marker for the specific receptor activation. It is also 
possible to introduce both a receptor agonist and a receptor antagonist into the cell cytosol at different concentrations 
of the respective compound with the overall aim to find out the nature of the receptor agonist and the receptor antagonist 
binding, i.e. whether it is competitive or non-competitive, etc. In addition to identification of receptors, and ligands also 

10 the so-called "ligand fishing" or "de-orphaning" can be performed in this way. A cell with a known set of receptors is 
used as detectors and a library of potential sample of ligands are introduced to the cell cytosol to screen for the actions 
of these ligands. 

[0052] Furthermore, the invention is suitable for identification of intracellular enzymes and enzyme substrates. 
[0053] Highly specific enzymes substrates that results in fluorescent products can be used for protein/enzyme iden- 

is tification in, for example, proteomics and phenotype profiling of individual intracellular systems using the technique 
according to the invention. The synthetic substrate, possibly in combination with a drug, inhibitor, or modulator, can be 
introduced into the cell using electroporation according to the present invention. There are a variety of substrates available 
that can be employed as light switches in the substrate -pro duct conversion step. Such substrates includes substrates 
for esterases, sulfatases, phosphatases, and so on. Either substrate is fluorescent and the product is non-fluorescent 

20 or vices versa. 

[0054] For coupled reaction systems within cells - , for example, the degradation of alcohol by the alcohol dehydro- 
genase that utilize the conversation of NAD+ to -NADH, thus causing a shift in fluorescence the target molecule need 
not be fluorescent as long as it is coupled to a reaction that yields a detectable molecule. Other examples of such native 
fluorescent compounds in cells are NADPH and flavines. 

25 [0055] Chemical amplification with enzymes can also be used to increase the sensitivity of the system (W. J. Blaedel, 
R. C. Bougslaski, Anal Chem 1978, 50, 1026; H.U Bergmeyerin H.U. Bergmeyer (ed) methods of Enzymatic Analysis, 
verlag Chemie/Academic Press, New York 1974 voll p 131). The principle of this method is to use enzymes that turn 
the substrate into products, and thus cause a large concentration change from substrate, which may be difficult to 
measure, into products, which can be readily measured. 

30 [0056] One example of a fluorogenic substrate is fluorescein diphosphate (FDP) that can be used for detection of 
ph osp h atases. The substrate is hydrolyzed by alkaline phosphatase andyieldthefluorescentproductfluorescein. Another 
system is the casein- BODIPY FL, which is substrate for metallo-, serine, acid and sulfhydryl proteases, including 
cathepsin, chymotrypsin, elastase, papain, pepsin, thermolysin and trypsin. Other examples of systems are (3-galactos- 
idase where the substrate is fluorescein di-p-D-galactopyranoside (FDGP) which sequentially hydrolyzed by p-galac- 

35 tosidase, first to fluorescein monogalactoside (FMG) and then to highly fluorescent fluorescein. 

[0057] Figure 9 shows the experimental result of using Fluorescein diphosphate (FDP) totargetthe intracellular enzyme 
alkaline phosphatase that catalytically hydrolyses the phosphoester-bonds on the substrate so that the highly green- 
fluorescent product fluorescein is formed in the cytosol (figure 9A-C). The substrate fluorescein diphosphate (FDP) was 
supplemented to the electrolyte of the EFC into the cell. The substrate is non-fluorescent and the product is fluorescent. 

40 The fluorescence obtained in the cell in figure 9B, which indicates the presence of the product, signals also the presence 
of the enzyme. 

[0058] Protein -protein interactions are complex and involve many processes. Blocking of particular pathways with 
specific ligands might enable control of cellular processes and provide leads for novel systems (Zutshi R, Brickner M, 
Chmielewski J, Inhibiting the assembly of protein -protein interfaces, Curr. Opin. Chem. Biol. 1998 2 62-66). For example, 

45 the intracellular protease activity was investigated using a protein, casein, which was heavily loaded with the green- 
fluorescent molecule BODIPY FL, as enzyme substrate. In solution, casein-BODIPY FL is folded so that the quaternary 
arrangements in the molecule quench the fluorescence. When the peptide bonds are cleaved, by the action of cytosolic 
proteases, segments of free peptides tagged with BODIPY FL starts to fluoresce. Images in figure 10A-C, show the 
identification of proteases in a single NG108-15 cell. 

50 [0059] The invention will be further illustrated in the examples below, which in no way limit the scope of the invention. 

Example 1 

Detection of the intracellular receptor ryanodine type II 

55 

[0060] Fluo-3 AM ester was from Molecular Probes (Leiden, The Netherlands). Cyclic ADP ribose and the chemicals 
used for buffer solutions, were all of analytical grade and purchased from Sigma (St. Louis, MO, USA). All solutions 
were made in distilled water from a Milli-Q system (Millipore). 
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[0061] NG1 08-15 cells were plated on no. 1 cover slips or in a Petri dish and allowed to growfor 1-3 days. Cell dishes 
were mounted in a circular polycarbonate holder and transferred to the stage on the microscope. Prior to experiments 
the culture medium was replaced by a HEPES buffer (NaCI 140 mM, KCI 5.0 mM, MgCI 2 1.0 mM, CaCI 2 1.0 mM, D- 
glucose 10 mM, HEPES 10 mM, pH was adjusted to 7.4 with NaOH). 

5 [0062] The cells were stained with fluo-3 AM ester by incubating the cells for 30 minutes in dye solution (1 0 julM fluo- 
3 AM ester in HEPES buffer) at room temperature. To remove excess uncaptured dye, the cells were washed three 
times in HEPES buffer and stored for an additional 30 minutes in HEPES buffer before the experiment. 
[0063] Excitation of fluorophores was performed with an ArMaser (Spectra- Physics 2025-05, Sunnyvale, CA). The 
laser beam was sent through a spinning disk to break the coherence, a 488 nm line interference filter (Leica I-3 filter 

10 cube), and focused onto the cover slips using a 40x objective (Leica 0.9 N.A.) mounted in an inverted microscope (Leica 
DMIRB, Wetzlar, Germany). Images were recorded with a 3-chip color CCD-camera (HamamatsuC6157, Kista, Sweden). 
[0064] Electropo ration was performed with an electrolyte-filled capillary (30 cm long, 50 |xm id., 375 p,m o.d.) positioned 
20-35 jxm above the cell with a high-graduation micromanipulator (Narishige, MWH-3, Tokyo, Japan). To position the 
EFC at a specific distance, the cell was first brought in focus by observing the cell in the microscope. Then the focus 

is was changed using the micrometer markers on the focusing knob of the microscope to the desired distance above the 
cell. The EFC was lowered until the lumen of the EFC came in focus. After the right position was set, the focus was 
returned to the cell. The cell-bathing medium was grounded with a platinum wire. A pulse was applied with a DC high 
voltage power supply (model ARB 30, Bertan, Hicksville, NY, USA) for a duration of 5-20 seconds. 
[0065] The agonist cyclic ADP ribose was used to detect the ryanodine receptor type II in NG108-15 cells. Cyclic 

20 ADPR (500 |ulM) was added to the electrolyte of the EFC. When the high voltage pulse was applied, pores were formed 
in the cell plasma membrane while the introduction of the agonist into the cell was improved by the electro osmotic 
administration of the agonist toward the cell surface. When the agonist binds to the ryanodine receptor on ER, calcium 
is released into the cytosol. The ryanodine receptor type II was detected by adding cADPR (500 |mM) to the electrolyte 
of a 50 fxm id., 30 cm long EFC. 1 0 kV was applied for 1 0 seconds. Upon activation, the ryanodine receptor triggers a 

25 release of calcium ions from ER, which bindto fluo-3 andthe increase in fluorescence, was measured (Figure 8). Different 
cells responded slightly differently to the stimulation and therefore three response curves (upper traces) are shown. The 
response-rate was 60 % (n=1 7). The voltage pulse was applied after 20 seconds. The lower trace is a blank runs where 
intracellular buffer was introduced using the EFC. A small decrease in fluorescence can be observed due to leakage of 
dye through the formed pores. Using dyes, such as fura-2, which enters the ER, such effects are largely avoided. 

30 

Example 2 

Detection of intracellular enzymes I. Detection of proteases 

35 [0066] Casein BODIPY FL was obtained from Molecular Probes (Leiden, The Netherlands). The chemicals used for 
buffer solutions were all of analytical grade and purchased from Sigma (St. Louis, MO, USA). All solutions were made 
in distilled water from a Milli-Q system (Millipore). 

[0067] Cell culturing and preparations were made according to methods used in example 1 above, and apparatus and 
instrumentation was the same as in example 1 . 
40 [0068] Electropo ration was performed as in example 1 and an EFC (30 cm long, 50 |uim id., 375 jxm o.d.) was used. 
Casein BODIPY FL was used in a concentration of 100 ng/ml and electroporated into cells using a 10 second pulse at 
10 kV. 

[0069] The results of detection of intracellular proteases using casein-BODIPY-FL is shown in Figure 9. Specifically, 
the intracellular protease activity was investigated using a protein, casein, which was heavily loaded with the green- 
45 fluorescent molecule BODIPY FL, as enzyme substrate. In solution, casein-BODIPY FL is folded so that the quaternary 
arrangements in the molecule quench the fluorescence. When the peptide bonds are cleaved, by the action of cytosolic 
proteases, segments of free peptides tagged with BODIPY FL starts to fluoresce. Images in figure 9A-C, shows the 
identification of proteases in a single NG108-15 cell. 

[0070] Casein BODI PY FL was introduced and fluorescence intensity was monitored 30 second after electroporation. 
50 The response-rate was 60 %, n=1 9. The enzyme activity can be correlated to the increase in fluorescence, which means 
that this method is suitable for screening and determination of enzyme activity in single cells. This can be useful for 
single for cell proteomics where differences in enzymatic activity would reveal phenotypes in a cell population. 

Example 3 

55 

Detection of the intracellular enzyme alkaline phosphatase 

[0071] Fluorescein diphosphate was obtained from Molecular Probes (Leiden, The Netherlands). The chemicals used 
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for buffer solutions were all of analytical grade and purchased from Sigma (St. Louis, MO, USA). All solutions were made 
in distilled water from a Milli-Q system (Millipore). 

[0072] Methods and procedures for cell culturing and preparation were the same as used in example 1 . 

[0073] Electropo ration was performed according to example 1. FDP was supplemented to the electrolyte at a con- 

5 centration of 500 fxM. Parts of the substrate fluorescein diphosphate were already present as fluorescein. Therefore the 
cell was bleached during the electroporation event (pulse length 5 seconds, 10 kV) plus 10 extra seconds after the pulse 
to eliminate excess fluorescein from the cells. Cells were viewed 30 seconds after the electroporation and thereafter in 
30-second intervals. The EFC (30 cm long, 50 |uum id., 375 |xm o.d.) was moved from the cell before viewing. 
[0074] The apparatus and instrumentation was the same as used in example 1 . 

w [0075] The results of the identification of alkaline phosphate in untreated NG 108-15 cells is shown in Figure 10. 
Fluoresceindiphosphate (FDP) was used to target the intracellular enzyme alkaline phosphatase that catalytically hy- 
drolyses the phosphoester-bonds on the substrate so that that the highly green-fluorescent product fluorescein is formed 
in the cytosol, figure 1 0A-C.) A cell was chosen and the substrate fluorescein diphosphate (FDP) was supplemented to 
the electrolyte of the EFC. In figure 10A a high voltage pulse (5 seconds, 10 kV) was applied. 30 seconds after the 

is electroporation event the fluorescence was measured with a charged coupled device (CCD) camera. The substrate is 
non-fluorescent and the product fluorescent. The fluorescence obtained in the cell in figure 10B is therefore a proof of 
presence of the enzyme. 

[0076] The response rate was 70% (n=8). Figure 1 0C shows the same cell after the electroporation event. 

20 

Claims 

1. A method for parallel delivery of agents to a surface of a cell structure and into the cytoplasm of the cell structure, 
comprising the following steps: 

25 

(a) at least two electrolyte-filled tubes are provided together with a ground or counter electrode, 

(b) the electrolyte-filled tubes are connected to a voltage or current generator, 

(c) at least one agent is introduced into the electrolyte solution contained in each electrolyte-filled tube, 

(d) the electrolyte-filled tubes are placed at close distance to the surface of two or more cells or cell structures, 
30 (e) the agent(s) is/are transported through the electrolyte-filled tubes to the surface of the cells or cell structures, 

(f) an electric field of a strength sufficient to obtain electroporation of the surface of the cells or cell structures 
is focused on the cells or cell structures, resulting in formation of pores in the membrane surface of the cells or 
cell structures, and 

(g) the agent(s) is/are transported through the pores formed in step (f) and into the cytoplasm of the cells or cell 
35 structures, 

wherein steps (a-g) are performed in consecutive order, with the exception that the order of steps (b), (c) and (d) 
may be altered, and thatthe order of steps (e)and (f) may be altered, and wherein the agents are delivered in parallel. 

40 2. A method according to claim 1 , wherein agents are delivered through pores formed in one cell structure, or through 
pores formed in different cell structures. 

3. A method according to claim 1 , wherein each electrolyte-filled tube used comprises at least two agents, which are 
arranged in at least two discrete zones or bands each comprising at least one agent, enabling sequential delivery 

45 of agents through each pore. 

4. A method according to claim 3, wherein each tube contains at least two discrete zones or bands of at least one agent. 

5. A method according to claim 3 or claim 4, wherein each tube is loaded with the discrete zones or bands containing 
50 agents using a microfluidic switch. 

6. A method according to any one of the claims 1-5, wherein the electrolyte-filled tubes contain several barrels or 
channels. 

55 7. A method according to claim 6, wherein the barrels or channels contain different agents. 

8. A method according to claim 6 or 7, wherein each barrel or channel is individually connected to an electrode. 
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9. A method according to any one of the claims 1-8, wherein the electrical field is obtained by applying a voltage 
between the electrolyte filled tubes and the counter or ground electrode using a voltage generator, or wherein the 
electrical field is obtained by applying a current between the electrolyte filled tubes and the counter or ground 
electrode using a current generator. 

5 

1 0. A method according to any one of the claims 1 -9, wherein the electrolyte-filled tubes are electrolyte-filled capillaries, 
electrolyte-filled conically tapered tubes, or electrolyte-filled electrodes. 

11. A method according to any one of the claims 1 -10, wherein the agent(s) is/are introduced into the electrolyte solution 
10 contained in the electrolyte-filled tubes from the tip end using capillary forces or aspiration or suction. 

12. A method according to any one of the claims 1-11, wherein the agent(s) is/are comprised in the electrolyte in the 
electrolyte-filled tubes. 

is 1 3. A method according to any one of the claims 1 -1 2, where the cell structure is contained in a cell bathing medium. 

1 4. A method according to any one of the claims 1 -1 3, wherein an agent is a drug. 

1 5. A method according to anyone of the claims 1 -1 4, wherein the cell structure is a population of cells or a single cell. 

20 

1 6. A method according to any one of the claims 1-15, wherein the cell structure is a tissue, an organ, or an intracellular 
structure. 

17. A method according to claim 16, wherein the intracellular structure is an organelle. 

25 

18. A method according to any one of the claims 1-17, wherein the cell structure is immobilized on a surface. 

1 9. A method according to any one of the claims 1 -1 8, wherein the cell structure is contained in at least one well on a plate. 

30 20. A method according to any one of the claims 1-19, wherein the cell structure has been pretreated with a genetic 
method prior to step (f). 

21. A method according to claim 20, wherein the genetic method is a transfection method. 

35 22. A method according to any one of the claims 1 -21 , wherein the cell structure has been pretreated with a drug prior 
to step (f). 

23. A method according to any one of the claims 1 -22, wherein the cell structure has been pretreated with an internalized 
dye or marker prior to step (d). 

40 

24. A method according to any one of the claims 1-23, wherein the tubes are additionally connected to a fluid delivery 
device. 

25. A method according to claim 24, wherein the device is a micro-pump, a peristaltic pump, a gravitational pump, a 
45 pneumatic pump, a solenoid, or a pressure-driven pump. 

26. A method according to any one of the claims 24-25, wherein the fluid delivery device is used for transportation of 
the agent(s) into the electrolyte-filled tubes. 

50 27. A method according to any one of the claims 24-26, wherein the fluid delivery device is used for transportation of 
the agent(s) into the cell structure. 

28. A method according to any one of the claims 1-27, wherein the cell structure is a intracellular structure and the 
electrolyte filled tubes and the ground or counter electrode are arranged so that the ends of the tubes and the 

55 electrode are placed within a host cell containing the intracellular structure. 

29. A method according to any one of the claims 1-28, wherein the electrolyte-filled tubes are connected to a voltage 
generator via at least one electrode. 
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30. A method according to any one of the claims 1-29, wherein the voltage generator generates a voltage of from 10 
mV to 1 00 V at the surface of the cell structure. 

31 . A method according to claim 30, wherein the voltage is from 1 00 mV to 1 0V. 

5 

32. A method according to any one of the claims 1-28, wherein the electrolyte-filled tubes are connected to a current 
generator via at least one electrode. 

33. A method according to any one of the claims 1-32, wherein the current needed for e I ectrop oration is carried by an 
10 intra-electrodal electrolyte present in the tubes. 

34. A method according to any one of the claims 1-32, wherein the current needed for electroporation is carried by an 
electrically conductive layer on the electrolyte-filled tubes. 

is 35. A method according to claim 9, or any one of the claims 1 0-34 when dependent on claim 9, wherein the voltage or 
current is applied as a pulse. 

36. A method according to claim 35, wherein the length of said pulse is from 0.1 fxs to several minutes. 

20 37. A method according to claim 36, wherein the length of the pulse is from 1 fxs to 5 s. 

38. A method according to any one of the claims 1 -37, wherein a programmed electric field varying the strength and/or 
the wave form is used in step (f). 

25 39. A method according to any one of the claims 1-38, wherein a pulsed electric field is used in step (f). 

40. A method according to any one of the claims 1-39, wherein the close distance in step (d) is less than 1 00 |xm. 

41. A method according to anyone of claims 1-40, wherein the diameter of the electrolyte filled tubes at the end closest 
30 to the cell structure is from a few nanometers to a few hundred micrometers. 

42. A method according to any one of claims 1-41, wherein the electrolyte-filled tubes are positioned by use of a 
micropositioner. 

35 43. A method according to any one of the claims 1 -42, wherein at least one of the electrolyte-filled tubes is independently 
a hollow fused silica electrode, a polymer electrode, or a fluorocarbon capillary such as a Teflon capillary. 

44. A method according to any one of claims 1-43, wherein an agent is a cell-impermeant agent. 

40 45. A method according to claim 44, wherein the cell-impermeant agent comprise a pharmaceutically active compound. 

46. A method according to any one of the claims 1-45, wherein an agent is an electrolyte. 

47. A method according to any one of the claims 1 -46, wherein an agent is a substance that activates receptors on the 
45 cell plasma membrane. 

48. A method according to any one of the claims 1 -47, wherein an agent is an agent that affects intracellular chemistry. 

49. A method according to any one of the claims 1-48, wherein an agent is an agent that affects cellular physics. 

50 

50. A method according to any one of the claims 1-49, wherein the agent(s) independently is/are selected from the 
group consisting of genes, gene analogs, RNA, RNA analogs, DNA, DNA analogs, colloidal particles, receptors, 
receptor ligands, receptor antagonists, receptor blockers, enzymes, enzyme substrates, enzyme inhibitors, enzyme 
modulators, proteins, protein analogs, amino acids, amino acid analogs, peptides, peptide analogs, metabolites, 

55 metabolite analogs, oligonucleotides, oligonucleotide analogs, antigens, antigen analogs, haptens, hapten analogs, 

antibodies, antibody analogs, organelles, organelle analogs, cell nuclei, bacteria, viruses, gametes, inorganic ions, 
metal ions, metal clusters, polymers, and any combinations thereof. 
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51. A method according to any one of the claims 1-50, wherein the agent(s) is/are delivered into the cell structure by 
electrophoresis or electroosmosis. 

52. A method according to any one of the claims 1-51, wherein the electrolyte-filled tubes are arranged in a one- 
dimensional array or a two-dimensional array. 

53. A method according claim 52, wherein the array is microfabricated from a solid substrate into a chip device, the 
surface of said chip device having several openings each constituted by a tip end of an individual electrolyte-filled tube. 

54. A method according to any one of the claims 1 -53, wherein each electrolyte-filled tube is individually controlled or 
wherein the electrolyte-filled tubes are population-wise controlled. 

55. A method according to claim 54, wherein the electrolyte-filled tubes are controlled by a robotic device. 

56. A method according to any one of the claims 1-55, wherein the cell structure can be translated in relation to the 
outlet ends of the electrolyte-filled tubes. 

57. A method according to claim 56, wherein the cell structure is translated using a movable stage. 

58. A method according to claim 56 or claim 57, wherein the cell structure is translated using a motorized stage. 

59. A method according to claim 57 or claim 58, wherein the stage is a microscope stage. 

60. A method according to any one of the claims 1 -59, comprising a further step (h) perforemed after step (g) wherein 
a response evoked by an agent in the cell structure is measured by detection of fluorescence. 

61. Use of a method according to any one of the claims 1-60 for gene transfection; for gene identification, for enzyme 
identification, for protein identification, or for receptor identification; in binding assays, enzyme assays, receptor 
assays, viral assays, bacterial assays, drug assays, and/or kinetic assays; in pharmacokinetics or in pharmacology; 
for modification of a metabolic pathway and/or asignaling pathway; for in vitro fertilization; for nuclear and/or organelle 
transfer; for screening for receptors on the surface of the cell structure or on the inside of the cell structure; in study 
of signaling systems inside the cell structure; in a sensor; in robotics; or in a chemical computer or a biological 
computer. 



Patentanspriiche 

1. Verfahren zur parallelen Abgabe von Agentien an eine Oberflache einer Zellstruktur und in das Cytoplasma der 
Zellstruktur, umfassend die folgenden Schritte: 

(a) wenigstens zwei Elektrolyt-gef ullte Rohrchen werden zusammen mit einer geerdeten oder Gegenelektrode 
bereitgestellt; 

(b) die Elektrolyt-gefullten Rohrchen werden mit einem Spannungs- oder Stromgenerator verbunden; 

(c) wenigstens ein Agens wird in die Elektrolytlosung eingefuhrt, die in jedem Elektrolyt-gefullten Rohrchen 
enthalten ist; 

(d) die Elektrolyt-gefullten Rohrchen werden im engen Abstand zu der Oberflache von zwei oder mehr Zellen 
oder Zellstrukturen platziert; 

(e) das Agens/die Agentien wird/werden durch die Elektrolyt-gefullten Rohrchen zu der Oberflache der Zellen 
oder Zellstrukturen transportiert; 

(f) ein elektrisches Feld einer Starke, die ausreicht, urn eine Elektroporation der Oberflache der Zellen oder 
Zellstrukturen zu erhalten, wird auf die Zellen oder Zellstrukturen fokussiert, was in einer Bildung von Poren in 
der Membranoberflache der Zellen oder Zellstrukturen resultiert; und 

(g) das Agens/die Agentien wird/werden durch die in Schritt (f) gebildeten Poren und in das Cytoplasma der 
Zellen oder Zellstrukturen transportiert, 

wobei die Schritte (a) bis (g) in fortlaufender Reihenfolge durchgefuhrt werden, mit der Ausnahme, dass die Rei- 
henfolge der Schritte (b), (c) und (d) verandert werden kann und dass die Reihenfolge der Schritte (e) und (f) 
verandert werden kann, und wobei die Agentien parallel abgegeben werden. 
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2. Verfahren nach Anspruch 1 , wobei Agentien durch Poren, die in einer Zellstruktur gebildet sind, oder durch Poren, 
die in verschiedenen Zellstrukturen gebildet sind, abgegeben werden. 

3. Verfahren nach Anspruch 1, wobei jedes E lektro lyt-gef ul Ite Rohrchen, dasverwendetwird, wenigstens zwei Agentien 
umfasst, die in wenigstens zwei getrennten Zonen oder Banden angeordnet sind, wobei jede wenigstens ein Agens 
umfasst, was eine sequentielle Abgabe von Agentien durch jede Pore ermoglicht. 

4. Verfahren nach Anspruch 3, wobei jedes Rohrchen wenigstens zwei getrennte Zonen oder Banden mit wenigstens 
einem Agens enthalt. 

5. Verfahren nach Anspruch 3 oder Anspruch 4, wobei jedes Rohrchen mit den getrennten Zonen oder Banden, die 
Agentien enthalten, unter Verwendung eines mikrofluidischen Schalters beladen wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei die Elektrolyt-gefullten Rohrchen mehrere Kammern oder 
Kanale enthalten. 

7. Verfahren nach Anspruch 6, wobei die Kammern oder Kanale verschiedene Agentien enthalten. 

8. Verfahren nach Anspruch 6 oder 7, wobei jede Kammer oder jeder Kanal einzeln mit einer Elektrode verbunden ist. 

9. Verfahren nach einem der Anspruche 1 bis 8, wobei das elektrische Feld erhalten wird, indem eine Spannung 
zwischen den Elektrolyt-gefullten Rohrchen und der Gegen- oder geerdeten Elektrode unter Verwendung eines 
Spannungsgenerators angelegt wird oder wobei das elektrische Feld durch Anlegen eines Stroms zwischen den 
Elektrolyt-gefullten Rohrchen und der Gegen- oder geerdeten Elektrode unter Verwendung eines Stromgenerators 
erhalten wird. 

10. Verfahren nach einem der Anspruche 1 bis 9, wobei die Elektrolyt-gefullten Rohrchen Elektrolyt-gefullte Kapillaren, 
Elektrolyt-gefullte konisch zulaufende Rohrchen oder Elektrolyt-gefullte Elektroden sind. 

11. Verfahren nach einem der Anspruche 1 bis 10, wobei das Agens/die Agentien in die Elektrolytlosung, die in den 
Elektrolyt-gefullten Rohrchen enthalten ist, von dem spitzen Ende aus eingefuhrt wird/werden, indem Kapillarkrafte 
oder Ansaugen oder Unterdruck verwendet wird. 

12. Verfahren nach einem der Anspruche 1 bis 1 1, wobei das Agens/die Agentien in dem Elektrolyten in den Elektrolyt- 
gefullten Rohrchen enthalten ist/sind. 

13. Verfahren nach einem der Anspruche 1 bis 12, wobei die Zellstruktur in einem Zellbadmedium enthalten ist. 

14. Verfahren nach einem der Anspruche 1 bis 13, wobei ein Agens ein Wirkstoff ist. 

15. Verfahren nach einem der Anspruche 1 bis 14, wobei die Zellstruktur eine Population von Zellen oder eine Einzelzelle 
ist. 

16. Verfahren nach einem der Anspruche 1 bis 15, wobei die Zellstruktur ein Gewebe, ein Organ oder eine intrazellulare 
Struktur ist. 

17. Verfahren nach Anspruch 16, wobei die intrazellulare Struktur eine Organelle ist. 

18. Verfahren nach einem der Anspruche 1 bis 17, wobei die Zellstruktur an einer Oberflache immobilisiert ist. 

1 9. Verfahren nach einem der Anspruche 1 bis 1 8, wobei die Zellstruktur in wenigstens einer Vertiefung auf einer Platte 
enthalten ist. 

20. Verfahren nach einem der Anspruche 1 bis 19, wobei die Zellstruktur vorSchritt (f) mit einem genetischen Verfahren 
vorbehandelt wurde. 

21. Verfahren nach Anspruch 20, wobei das genetische Verfahren ein Transfektionsverfahren ist. 
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22. Verfahren nach einem der Anspruche 1 bis 21 , wobei die Zellstrukturvor Schritt (f) mit einem Wirkstoff vorbehandelt 
wurde. 

23. Verfahren nach einem der Anspruche 1 bis 22, wobei die Zellstruktur vor Schritt (d) mit einem internalisierten 
5 Farbstoff oder Marker vorbehandelt wurde. 

24. Verfahren nach einem der Anspruche 1 bis 23, wobei die Rohrchen zusatzlich an eine Fluidabgabevorrichtung 
angeschlossen sind. 

10 25. Verfahren nach Anspruch 24, wobei die Vorrichtung eine Mikropumpe, eine peristaltische Pumpe, eine Gravitati- 
onspumpe, eine pneumatische Pumpe, ein Solenoid oder eine druckbetriebene Pumpe ist. 

26. Verfahren nach einem der Anspruche 24 bis 25, wobei die Fluidabgabevorrichtung fur einen Transport des Agen- 
ses/der Agentien in die Elektrolyt-gefullten Rohrchen verwendet wird. 

15 

27. Verfahren nach einem der Anspruche 24 bis 26, wobei die Fluidabgabevorrichtung fur einen Transport des Agen- 
ses/der Agentien in die Zellstruktur verwendet wird. 

28. Verfahren nach einem der Anspruche 1 bis 27, wobei die Zellstruktur eine intrazellulare Struktur ist und die Elektrolyt- 
20 gefullten Rohrchen und die geerdete oder Gegenelektrode so angeordnet sind, dass die Enden der Rohrchen und 

die Elektrode innerhalb einer Wirtszelle platziert sind, die die intrazellulare Struktur enthalt. 

29. Verfahren nach einem der Anspruche 1 bis 28, wobei die Elektrolyt-gefullten Rohrchen uber wenigstens eine Elek- 
trode mit einem Spannungsgenerator verbunden sind. 

25 

30. Verfahren nach einem der Anspruche 1 bis 29, wobei der Spannungsgenerator eine Spannung von 1 0 mV bis 1 00 
V an der Oberflache der Zellstruktur erzeugt. 

31. Verfahren nach Anspruch 30, wobei die Spannung 100 mV bis 10 V ist. 

30 

32. Verfahren nach einem der Anspruche 1 bis 28, wobei die Elektrolyt-gefullten Rohrchen uber wenigstens eine Elek- 
trode mit einem Stromgenerator verbunden sind. 

33. Verfahren nach einem der Anspruche 1 bis 32, wobei der zur Elektroporation benotigte Strom durch einen intra- 
35 elektrodalen Elektrolyten, der in den Rohrchen vorliegt, befordert wird. 

34. Verfahren nach einem der Anspruche 1 bis 32, wobei der Strom, der zur Elektroporation benotigt wird, durch eine 
elektrisch leitende Schicht auf den Elektrolyt-gefullten Rohrchen befordert wird. 

40 35. Verfahren nach Anspruch 9 oder einem der Anspruche 10 bis 34, wenn sie von Anspruch 9 abhangig sind, wobei 
die Spannung oder der Strom als Puis angewendet wird. 

36. Verfahren nach Anspruch 35, wobei die Lange des Pulses von 0,1 jjls bis mehrere Minuten ist. 

45 37. Verfahren nach Anspruch 36, wobei die Lange des Pulses von 1 jxs bis 5 s ist. 

38. Verfahren nach einem der Anspruche 1 bis 37, wobei ein programmiertes elektrisches Feld, das die Starke und/ 
oder die Wellenform verandert, in Schritt (f) eingesetzt wird. 

50 39. Verfahren nach einem der Anspruche 1 bis 38, wobei in Schritt (f) ein gepulstes elektrisches Feld verwendet wird. 

40. Verfahren nach einem der Anspruche 1 bis 39, wobei der enge Abstand in Schritt (d) weniger als 1 00 \im ist. 

41. Verfahren nach einem der Anspruche 1 bis 40, wobei der Durchmesser der Elektrolyt-gefullten Rohrchen an dem 
55 Ende, das der Zellstruktur am nachsten ist, von einigen Nanometern bis einige 100 Mikrometern ist. 

42. Verfahren nach einem der Anspruche 1 bis 41, wobei die Elektrolyt-gefullten Rohrchen unter Verwendung eines 
Mikropositionierers positioniert werden. 
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43. Verfahren nach einem der Anspruche 1 bis 42, wobei wenigstens eines der Elektrolyt-gefullten Rohrchen unabhangig 
eine hohle Quarzelektrode, eine Polymerelektrode odereine Fluorkohlenstoffkapillare, z. B. eineTeflon-Kapillare, ist. 

44. Verfahren nach einem der Anspruche 1 bis 43, wobei ein Agens ein Zell-impermeantes Agens ist. 

45. Verfahren nach Anspruch 44, wobei das Zell-impermeante Agens eine pharmazeutisch aktive Verbindung umfasst. 

46. Verfahren nach einem der Anspruche 1 bis 45, wobei ein Agens ein Elektrolyt ist. 

47. Verfahren nach einem der Anspruche 1 bis 46, wobei ein Agens eine Substanz ist, die Rezeptoren an derZellplas- 
mamembran aktiviert. 

48. Verfahren nach einem der Anspruche 1 bis 47, wobei ein Agens ein Agens ist, das intrazellulare Chemie beeinflusst. 

49. Verfahren nach einem der Anspruche 1 bis 48, wobei ein Agens ein Agens ist, das die zellularen physikalischen 
Vorgange beeinflusst. 

50. Verfahren nach einem der Anspruche 1 bis 49, wobei das Agens/die Agentien unabhangig ausgewahlt ist/sind aus 
derGruppe, bestehend aus Genen, Gen-Analoga, RNA, RNA-Analoga, DNA, DNA-Analoga, kolloidalen Partikeln, 
Rezeptoren, Rezeptorliganden, Rezeptorantagonisten, Rezeptorblockern, Enzymen, Enzymsubstraten, Enzymin- 
hibitoren, Enzymmodulatoren, Proteinen, Protein-Analoga, Aminosauren, Aminosaure-Analoga, Peptiden, Peptid- 
Analoga, Metaboliten, Metabolit-Analoga, Oligonucleotiden, Oligonucleotid-Analoga, Antigenen, Antigen-Analoga, 
Haptenen, Hapten-Analoga, Antikorpern, Antikorper-Analoga, Organellen, Organellen-Analoga, Zellkernen, Bakte- 
rien, Viren, Gameten, anorganischen lonen, Metallionen, Metallclustern, Polymeren und beliebigen Kombinationen 
davon. 

51. Verfahren nach einem der Anspruche 1 bis 50, wobei das Agens/die Agentien durch Elektrophorese oder Elektro- 
osmose in die Zellstruktur abgegeben wird/werden. 

52. Verfahren nach einem der Anspruche 1 bis 51 , wobei die Elektrolyt-gefullten Rohrchen in einem eindimensionalen 
Array oder einem zweidimensionalen Array angeordnet sind. 

53. Verfahren nach Anspruch 52, wobei der Array aus einem festen Substrat zu einer Chip-Vorrichtung mikroproduziert 
worden ist, wobei die Oberflachen der Chip-Vorrichtung mehrere Offnungen hat, die jeweils von einem spitzen Ende 
eines einzelnen Elektrolyt-gefullten Rohrchens gebildet werden. 

54. Verfahren nach einem der Anspruche 1 bis 53, wobei jedes Ele ktrolyt-gef u I Ite Rohrchen einzeln kontrolliert wird 
oder wobei die Elektrolyt-gefullten Rohrchen gruppenweise kontrolliert werden. 

55. Verfahren nach Anspruch 54, wobei die Elektrolyt-gefullten Rohrchen durch einen Roboter kontrolliert werden. 

56. Verfahren nach einem der Anspruche 1 bis 55, wobei die Zellstruktur bezuglich der Auslassenden der Elektrolyt- 
gefullten Rohrchen translatiert werden konnen. 

57. Verfahren nach Anspruch 56, wobei die Zellstruktur unter Verwendung eines beweglichen Gestells translatiert wird. 

58. Verfahren nach Anspruch 56 oder Anspruch 57, wobei die Zellstruktur unterVerwendung eines motorisierten Gestells 
translatiert wird. 

59. Verfahren nach Anspruch 57 oder Anspruch 58, wobei das Gestell ein Mikroskoptisch ist. 

60. Verfahren nach einem der Anspruche 1 bis 59, das einen weiteren Schritt (h), der nach Schritt (g) durchgefuhrt wird, 
umfasst, wobei eine durch ein Agens hervorgerufene Reaktion in der Zellstruktur durch Fluoreszenz-Detektion 
gemessen wird. 

61. Verwendung eines Verfahrens nach einem der Anspruche 1 bis 60 zur Gen-Transfektion, zur Gen-ldentifizierung, 
zur Enzym-ldentifizierung, zur Protein-ldentifizierung oder zur Rezeptor-ldentifizierung; in Bindungsassays, Enzy- 
massays, Rezeptorassays, viralen Assays, bakteriellen Assays, Wirkstoff assays und/oder kinetischen Assays; in 
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der Pharmacokinetik oder in der Pharmakologie; zur Modifizierung eines Stoffwechselwegs und/oder eines Signal- 
gebungswegs; zur in-vitro-Befruchtung; zur nuklearen und/oder Organellen-Ubertragung; zum Screening auf Re- 
zeptoren an der Oberflache der Zellstruktur oder an der Innenseite der Zellstruktur; in der Untersuchung von Si- 
gnalgebungssystemen innerhalb der Zellstruktur; in einem Sensor; in der Robotik oder in einem chemischen Com- 
5 puter oder einem biologischen Computer. 



Revendi cations 

10 1. Procede pour une distribution parallele d'agents vers une surface d'une structure de cellule et dans le cytoplasme 
de la structure de cellule, comprenant les etapes suivantes : 

(a) au moins deux tubes remplis d'electrolyte sont prevus ainsi qu'une prise de terre ou electrode auxiliaire, 

(b) les tubes remplis d'electrolyte sont connectes a un generateur de tension ou de courant, 

is (c) au moins un agent est introduit dans la solution d'electrolyte contenue dans chaque tube rempli d'electrolyte, 

(d) les tubes remplis d'electrolyte sont places a une distance proche de la surface de deux cellules ou structures 
de cellule, ou plus, 

(e) le/les agent(s) est/sont transporte(s) a travers les tubes remplis d'electrolyte vers la surface des cellules ou 
structures de cellule, 

20 (f) un champ electrique d'une intensite suffisante pour obtenir I'electropo ration de la surface des cellules ou 

structures de cellule est dirige sur les cellules ou structures de cellule, entralnant la formation de pores dans 
la surface de la membrane des cellules ou structures de cellule, et 

(g) le/les agent(s) est/sont transports (s) a travers les pores formes a I'etape (f) et dans le cytoplasme des 
cellules ou structures de cellule, 

25 

dans lequel les etapes (a a g) sont executees en ordre consecutif, excepte que I'ordre des etapes (b), (c) et (d) peut 
etre modifie, et que I'ordre des etapes (e) et (f) peut etre modifie, et dans lequel les agents sont distribues en parallele. 

2. Procede selon la revendication 1, dans lequel les agents sont distribues a travers des pores formes dans une 
30 structure de cellule, ou a travers des pores formes dans differentes structures de cellule. 

3. Procede selon la revendication 1, dans lequel chaque tube rempli d'electrolyte utilise comprend au moins deux 
agents, qui sont disposes dans au moins deux zones ou bandes discretes chacune comprenant au moins un agent, 
permettant la distribution sequentielle d'agents a travers chaque pore. 

35 

4. Procede selon la revendication 3, dans lequel chaque tube contient au moins deux zones ou bandes discretes d'au 
moins un agent. 

5. Procede selon la revendication 3 ou la revendication 4, dans lequel chaque tube est charge avec les zones ou 
40 bandes discretes contenant des agents utilisant un commutateur microfluide. 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel les tubes remplis d'electrolyte contiennent 
plusieurs barils ou canaux. 

45 7. Procede selon la revendication 6, dans lequel les barils ou canaux contiennent differents agents. 

8. Procede selon la revendication 6 ou 7, dans lequel chaque baril ou canal est connecte individuellement a une 
electrode. 

50 9. Procede selon I'une quelconque des revendications 1 a 8, dans lequel le champ electrique est obtenu par I'application 
d'une tension entre les tubes remplis d'electrolyte et la prise de terre ou electrode auxiliaire en utilisant un generateur 
de tension, ou dans lequel le champ electrique est obtenu par I'application d'un courant entre les tubes remplis 
d'electrolyte et la prise de terre ou electrode auxiliaire en utilisant un generateur de courant. 

55 1 o. Procede selon I'une quelconque des revendications 1 a 9, dans lequel les tubes remplis d'electrolyte sont des tubes 
capillaires remplis d'electrolyte, des tubes remplis d'electrolyte decroissant de maniere conique, ou des electrodes 
remplies d'electrolyte. 
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11. Precede selon I'une quelconque des revendications 1 a 10, dans lequel le/les agent(s) est/sont introduit(s) dans la 
solution d'electrolyte contenue dans les tubes remplis d'electrolyte a partir de I'extremite du bout en utilisant des 
forces de capillarite ou d'aspiration ou de succion. 

12. Procede selon I'une quelconque des revendications 1 a 11, dans lequel le/les agent(s) est/sont compris dans 
I'electrolyte dans les tubes remplis d'electrolyte. 

13. Procede selon I'une quelconque des revendications 1 a 12, dans lequel la structure de cellule est contenue dans 
une substance de bain de cellule. 

14. Procede selon I'une quelconque des revendications 1 a 13, dans lequel un agent est un medicament. 

15. Procede selon I'une quelconque des revendications 1 a 14, dans lequel la structure de cellule est une population 
de cellules ou une seule cellule. 

16. Procede selon I'une quelconque des revendications 1 a 15, dans lequel la structure de cellule est untissu, un organe, 
ou une structure intracellular. 

17. Procede selon la revendication 16, dans lequel la structure intracellular est un organite. 

18. Procede selon I'une quelconque des revendications 1 a 17, dans lequel la structure de cellule est immobilisee sur 
une surface. 

19. Procede selon I'une quelconque des revendications 1 a 18, dans lequel la structure de cellule est contenue dans 
au moins une cage sur une plaque. 

20. Procede selon I'une quelconque des revendications 1 a 19, dans lequel la structure de cellule a ete pretraitee a 
I'aide d'un procede genetique avant I'etape (f). 

21. Procede selon la revendication 20, dans lequel le procede genetique est un procede de transfection. 

22. Procede selon I'une quelconque des revendications 1 a 21, dans lequel la structure de cellule a ete pretraitee a 
I'aide d'un medicament avant I'etape (f). 

23. Procede selon I'une quelconque des revendications 1 a 22, dans lequel la structure de cellule a ete pretraitee a 
I'aide d'une teinture interiorisee ou d'un marqueur avant I'etape (d). 

24. Procede selon I'une quelconque des revendications 1 a 23, dans lequel les tubes sont en outre connectes a un 
dispositif de distribution de fluide. 

25. Procede selon la revendication 24, dans lequel le dispositif est une micro-pompe, une pompe peristaltique, une 
pompe gravitationnelle, une pompe pneumatique, un solenoide, ou une pompe entrainee parpression. 

26. Procede selon I'une quelconque des revendications 24 a 25, dans lequel le dispositif de distribution de fluide est 
utilise pour le transport du/des agent(s) dans les tubes remplis d'electrolyte. 

27. Procede selon I'une quelconque des revendications 24 a 26, dans lequel le dispositif de distribution de fluide est 
utilise pour le transport du/des agent(s) dans la structure de cellule. 

28. Procede selon I'une quelconque des revendications 1 a 27, dans lequel la structure de cellule est une structure 
intracellular et les tubes remplis d'electrolyte et la prise de terre ou electrode auxiliaire sont disposes de sorte que 
les extremites des tubes et de I'electrode sont placees a I'interieur d'une cellule note contenant la structure intra- 
cellular. 

29. Procede selon I'une quelconque des revendications 1 a 28, dans lequel les tubes remplis d'electrolyte sont connectes 
a un generateur de tension via au moins une electrode. 

30. Procede selon I'une quelconque des revendications 1 a 29, dans lequel le generateur de tension genere une tension 
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de 1 0 mV a 1 00 V a la surface de la structure de cellule. 

31. Procede selon la revendication 30, dans lequel la tension est de 100 mV a 10 V. 

5 32. Procede selon Tune quelconque des revendications 1 a 28, dans lequel les tubes remplis d'electrolyte sont connectes 
a un generateur de courant via au moins une electrode. 

33. Procede selon Tune quelconque des revendications 1 a 32, dans lequel le courant necessaire pour I' electro porati on 
est transports par un electrolyte intra-electrodal present dans les tubes. 

10 

34. Procede selon Tune quelconque des revendications 1 a 32, dans lequel le courant necessaire pour I'electroporation 
est transportee par une couche electriquement conductrice sur les tubes remplis d'electrolyte. 

35. Procede selon la revendication 9, ou selon Tune quelconque des revendications 10 a 34 lorsqu'elles dependent de 
15 la revendication 9, dans lequel la tension ou le courant est applique comme une impulsion. 

36. Procede selon la revendication 35, dans lequel la longueur de ladite impulsion est de 0.1 juus a plusieurs minutes. 

37. Procede selon la revendication 36, dans lequel la longueur de I'impulsion est de 1 \is a 5 s. 

20 

38. Procede selon Tune quelconque des revendications 1 a 37, dans lequel un champ electrique programme faisant 
varier I'intensite et/ou la forme de I'onde est utilise dans I'etape (f). 

39. Procede selon Tune quelconque des revendications 1 a 38, dans lequel un champ electrique a impulsions est utilise 
25 dans I'etape (f). 

40. Procede selon I'une quelconque des revendications 1 a 39, dans lequel la distance proche dans I'etape (d) est 
inferieure a 100 [Aim. 

30 41. Procede selon I'une quelconque des revendications 1 a 40, dans lequel le diametre des tubes remplis d'electrolyte 
a Pextremite la plus proche de la structure de cellule est de quelques nanometres a quelques centaines de micro- 
metres. 

42. Procede selon I'une quelconque des revendications 1 a 41, dans lequel les tubes remplis d'electrolyte sont posi- 
35 tionnes par Putilisation d'un micropositionneur. 

43. Procede selon I'une quelconque des revendications 1 a 42, dans lequel au moins un des tubes remplis d'electrolyte 
est independamment une electrode en silice fondue et creuse, une electrode polymere, ou un tube capillaire fluo- 
rocarbone tel qu'un tube capillaire de teflon. 

40 

44. Procede selon I'une quelconque des revendications 1 a 43, dans lequel un agent est un agent impermeantde cellule. 

45. Procede selon la revendication 44, dans lequel I'agent impermeant de cellule comprend un compose actif pharma- 
ceutiquement. 

45 

46. Procede selon I'une quelconque des revendications 1 a 45, dans lequel un agent est un electrolyte. 

47. Procede selon I'une quelconque des revendications 1 a 46, dans lequel un agent est une substance qui active des 
recepteurs sur la membrane plasmique de la cellule. 

50 

48. Procede selon I'une quelconque des revendications 1 a 47, dans lequel un agent est un agent qui a des consequences 
sur la chimie intracellulaire. 

49. Procede selon I'une quelconque des revendications 1 a 48, dans lequel un agent est un agent qui a des consequences 
55 sur la physique cellulaire. 

50. Procede selon I'une quelconque des revendications 1 a 49, dans lequel le/les agent(s) est/sont selectionne(s) 
independamment a partir du groupe compose de genes, d'analogues de genes, d'ARN, d'analogues d'ARN, d'ADN, 
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d'analogues d'ADN, de particules colloi'dales, de recepteurs, de ligands de recepteur, d'antagonistes de recepteur, 
de bloqueurs de recepteur, d'enzymes, de substrats d'enzyme, d'inhibiteurs d'enzyme, de modulateurs d'enzyme, 
de proteines, d'analogues de proteine, d'acides amines, d'analogues d'acide amine, de peptides, d'analogues de 
peptide, de metabolites, d'analogues de metabolite, d'oligonucleotides, d'analogues d'oligonucleotide, d'antigenes, 
d'analogues d'antigene, d'haptenes, d'analogues d'haptene, d'anticorps, d'analogues d'anticorps, d'organites, 
d'analogues d'organite, de noyaux de cellule, de bacteries, de virus, de gametes, d'ions inorganiques, d'ions me- 
talliques, d'agregats metalliques, de polymeres, et de toute combinaison de ceux-ci. 

51. Precede selon I'une quelconque des revendications 1 a 50, dans lequel le/les agent(s) est/sont distribue(s) dans la 
structure de cellule par electrophorese ou electro-osmose. 

52. Procede selon I'une quelconque des revendications 1 a 51 , dans lequel les tubes remplis d'electrolyte sont disposes 
dans un tableau unidimensionnel ou un tableau bidimensionnel. 

53. Procede selon la revendication 52, dans lequel le tableau est microfabrique a partir d'un substrat solide dans un 
dispositif a puce, la surface dudit dispositif a puce ayant plusieurs ouvertures chacune constitute par une extremite 
du bout d'un tube individuel rempli d'electrolyte. 

54. Procede selon I'une quelconque des revendications 1 a 53, dans lequel chaque tube rempli d'electrolyte est controle 
individuellement ou dans lequel les tubes remplis d'electrolyte sont controles par rapport a leur nombre. 

55. Procede selon la revendication 54, dans lequel les tubes remplis d'electrolyte sont controles par un dispositif robotise. 

56. Procede selon I'une quelconque des revendications 1 a 55, dans lequel la structure de cellule peut etre traduite par 
rapport aux extremites de sortie des tubes remplis d'electrolyte. 

57. Procede selon la revendication 56, dans lequel la structure de cellule est traduite en utilisant une etape mobile. 

58. Procede selon la revendication 56 ou la revendication 57, dans lequel la structure de cellule est traduite en utilisant 
une etape motorisee. 

59. Procede selon la revendication 57 ou la revendication 58, dans lequel I'etape est une etape au microscope. 

60. Procede selon I'une quelconque des revendications 1 a 59, comprenant une etape supplemental (h) executee 
apres I'etape (g), dans lequel une reponse evoquee par un agent dans la structure de cellule est mesuree par 
detection de fluorescence. 

61. Utilisation d'un procede selon I'une quelconque des revendications 1 a 60 pour la transfection de gene ; pour 
1'identification de gene, pour I'identification d'enzyme, pour I'identification de proteine, ou pour I'identification de 
recepteur ; dans les dosages de liant, les dosages d'enzyme, les dosages de recepteur, les dosages viraux, les 
dosages de bacterie, les dosages de medicament, et/ou les dosages cinetiques ; en pharmacocinetique ou en 
pharmacologie ; pour la modification d'une voie metabolique et/ou d'une voie de signalisation ; pour lafecondation 
in vitro, pour le transfert nucleaire et/ou d'organite, pour passer au crible les recepteurs sur la surface de la structure 
de cellule ou sur I'interieur de la structure de cellule ; dans I'etude de systemes de signalisation a I'interieur de la 
structure de cellule ; dans un capteur ; dans la robotique ; ou dans un ordinateurchimique ou un ordinateurbiologique. 
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Fig. 1a. 
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Fig. 1b. Fig. 1c. 
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Fig. 2a. Fig. 2b. Fig. 2c. 
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Fig 2d. Fig 2e. 
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Fig. 5of. 
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Fig. 6 
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Fig. 10 
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